It has been known that the intestinal epithelial cell is characterized by a rapid cell turnover and by a gradient of differentiation from crypt to villus. The present study was undertaken to clarity the effect of diet on the migration and the maturation of the intestinal epithelial cells. The transit time from the crypt to the extrusion zone at the villus tip was determined with tritiated thymidine. To study the maturation of the cells the distribution of the terminal digestive enzymes, maltase [EC 3.2.1.20] and leucylnaphthylamidase [EC 3.4.1.1], along the villus and crypt was analyzed quantitatively. And total activities of the same enzymes were assayed also in the mucosal homogenates. It was observed that the decrease in the migrating speed of villus cells was brought by energy restriction and the decrease in the migrating speed was associated with an increase of the enzyme activities in the upper zone of villus. And the result was that the intestinal epithelial cells which decrease in migrating speed by dietary restriction become more mature on the upper villus than those with unrestricted control.
Summary
It has been known that the intestinal epithelial cell is characterized by a rapid cell turnover and by a gradient of differentiation from crypt to villus. The present study was undertaken to clarity the effect of diet on the migration and the maturation of the intestinal epithelial cells. The transit time from the crypt to the extrusion zone at the villus tip was determined with tritiated thymidine. To study the maturation of the cells the distribution of the terminal digestive enzymes, maltase [EC 3.2.1.20] and leucylnaphthylamidase [EC 3.4.1.1], along the villus and crypt was analyzed quantitatively. And total activities of the same enzymes were assayed also in the mucosal homogenates. It was observed that the decrease in the migrating speed of villus cells was brought by energy restriction and the decrease in the migrating speed was associated with an increase of the enzyme activities in the upper zone of villus. And the result was that the intestinal epithelial cells which decrease in migrating speed by dietary restriction become more mature on the upper villus than those with unrestricted control.
The small intestinal epithelial cells proliferate at the crypt, migrate from the crypts along the length of the villi and complete their life span by extrusion from the tips of the villi into the intestinal lumen. The transit time is regulated by both of the rate of cell migration and the migrating cell number on the crypt and villus. It is expected that the small intestinal function is reflected partly by the mature cell number existing on the villi. Many investigators have observed the effect of diet on the cell renewal or the digestive and absorptive functions (1) (2) (3) (4) . However there has been little research to examine the relationship between cell renewal and the functions. In this study the effect of diet on the cell migration and the function was investigated. represented as the initial body weights. After two weeks of restriction, the restricted animals lost about 13% of their initial body weight. The final body weights and the jejunum and ileum weights in the restricted animals were significantly less than the unrestricted animals.
Cell migration
The percentages of labeled cells on the villi and the life span (a total transit time from crypt to the tip off villus) of the epithelium in the unrestricted and restricted animals are illustrated in Fig. 1 . It seemed that the prolongation of the life span in restricted animals was due to both transit time in the crypt and on the villus . The total It appeared that the energy restricted diet has the effect of slowing the rate of movement of cells from the crypt to the villus as shown in Table 2 .
Distribution of marker enzyme activities from the crypt to the villus
It is well known that maltase and leucylnaphthylamidase activities represent typical functional microvillus enzymes of the mature epithelial cells. A villus-crypt gradient of these enzyme activities are shown in Fig. 2 . It is clear that the highest specific activity for maltase and leucylnaphthylamidase occurs in the upper villus zone and gradually diminishes to low activities in the crypt zone area. The maximum value of maltase in the restricted animals was significantly higher than that in the unrestricted animals. The tendency was much more clear in leucylnaphthylamidase activity.
4. Enzyme activities in the whole mucosal homogenates of different parts of the small intestine To investigate the relationship between the activity of the whole mucosal homogenates and that of the serial tissue sections of villi and crypts, maltase and leucylnaphthylamidase activities in the whole mucosal homogenates of different parts of small intestine were determined. As shown in Table 3 , maltase activity was maximum in the proximal jejunum in the small intestine of the unrestricted animals, but there was no significant difference among the regional activities in the restricted animals. Leucylnaphthylamidase activity was the lowest in the duodenum and gradually increased to the ileum in the both experimental groups.
In general, it was observed that the leucylnaphthylamidase activity in the restricted animals was somewhat higher than those in the unrestricted animals, but maltase activity was the reverse. It has been reported that the mitotic activity in the crypt decreases and the duration of cell cycle is prolonged in the restricted animals (8, 9) . In our laboratory, WAKIYAMA et al. observed that the transit time from crypt to the tip of villus in mice ileal epithelium was prolonged in an energy restricted condition and they also recognized the decrease of the migrating speed (10) .
In this study, the same phenomena were confirmed in the mice jejunum. And it was observed that maltase and leucylnaphthylamidase activities of the upper villus in the restricted animals were higher than in the unrestricted animals. From these observations it is clear that in restricted animals the epithelial cells survive in the matured state. In this experiment, an interesting phenomenon showing that the activity of LNA is significantly high in the upper villus of restricted animals was observed. However, the reason is not yet clear. In the whole mucosal homogenates of various parts of small intestine, the activities of both enzymes were assayed and compared with each other on the corresponding part. And it was observed that the activities in the restricted animals were similar or somewhat lower than those in the unrestricted animals. It will be possible to interplete this phenomenon as an indication that the mature cell number of restricted animals are less in comparison with those in unrestricted animals. In other words, it seems that the decrease in the migrating speed does not regulate directly the mature cell number and villus length. In fact, it was observed that the villus length decreased in restricted animals.
It is well known that germ-free animals have lengthened villi and the very high specific activities of disaccharidases in whole mucosal homogenates (11 , 12) . In this case, it is thought that the reduced migrating speed and the increased mature cell number result in the high activity of the whole mucosal homogenates.
It has been reported that in general the malnourished rats have an enhanced activity of intestinal glucose and amino acids transports (13, 14) . And SOLIMANO et al . observed a higher activity of disaccharidase in the rat small intestine under protein calorie malnutrition (15) . However, their malnourished condition were very extreme compared with that in our present experiment. It is presumed that the distinctiveness in the energy restriction is one of the reasons why their observations are different from our results.
In any case, it seems that the decrease in migrating speed can be not always explained in connection with the increase in mature cell number. The relationship between the migrating speed and the mature cell number and/or the development of function, as shown in an intense activity of LNA at the tip of villus, remain as the subject for a future study.
